The binding energies of all hydrogen isotopes have been calculated successfully for the first time in a previous paper [J Fusion Energy, 30 (2011) 377], using only the electric and magnetic Coulomb's laws, without using the hypothetical shell model of the nucleus and its mysterious strong force. In this paper, an elementary calculation gives the order of magnitude of the nuclear interaction. The binding energies of the deuteron and the alpha particle are then calculated by taking into account the proton induced electric dipole in the neutron. The large binding energy per nucleon of 4He, as compared to that of 2H, has been explained by a larger electric attraction combined with a lower magnetic repulsion. The binding energies have been calculated without fitting, using only fundamental laws and constants, proving that the nuclear interaction is only electromagnetic.
Introduction
It is known since one century that radium releases a huge energy, one million times larger than any combustion energy, according to Pierre Curie. Let us compare the separation energy ratio of a proton from a neutron over that of an electron from a proton. The measured value of this ratio is 2.2 MeV 13.6 eV 160,000  , less than the million expected because the deuteron is lightly bound. The radius ratio of the hydrogen atom over the proton's  is above 50,000. As far as I know, no theoretical formula for the proton radius exists. A simple approach using the proton Compton radius as the proton radius, leads to a formula giving an order of magnitude of the nuclear binding energy, , predicting the nuclear energy to be around 1% of the mass energy. Therefore, the nuclear to chemical energy ratio is shown to be 250,000, not far from the experimental value 160,000 of the ratio between the binding energies of the deuteron and the hydrogen atom. More precise calculations using the electromagnetic neutron-proton interaction confirm this rough approximation as it will be shown below. 
Newton's law of gravitation and Coulomb's law of electricity are the only forces of nature having a potential energy inversely proportional to the distance. Assuming that it is the same for the nuclear interaction, the ratio 0 P a R from Equation (4) is the ratio of nuclear and chemical energies. Multiplying it by the hydrogen atom binding energy (5) we obtain the total binding energy of the deuteron:
This value is larger than the experimental binding energy of the deuteron, . The binding energies per nucleon varying from 1 M for the deuteron to for iron, we may say that the order of magnitude of the nuclear binding energy per nucleon is around 
This value is, coincidentally, almost that of 4 , . This simple calculation based on the hypothesis of an inverse distance law for the nuclear potential predicts, as it is well known, the nuclear energy to be 
Electromagnetic Interaction in a Nucleus
, s being inva nucleus (Figure 3) , the electromagnetic in
In contrast with the Bohr planetary model of the atom the nucleus has no nucleus and thus no fixed axis of rotation, the center of mass of the nucleus being not precisely defined. It is usually admitted that the centrifugal force is equilibrated by the mysterious strong force. It is assumed here that a static equilibrium between attractive electrostatic and repulsive magnetic forces exists.
The usual dipole and polarizability formula lid in a non-uniform electric field e.g. between a neutron and a nearby proton, the original Coulomb's law for point charges is used. The electrostatic interaction in the nucleus is due to the opposite elementary electric charges separated in a neutron by a nearby proton, inducing an electric dipole. The magnetic interaction between the proton and the neutron is due, in the deuteron, to the collinear and opposite magnetic moments of the nucleons (Figure 2 ).
In the 4 He wo teraction rks with the same principle as for 2 H with two differences. First, the electrical dipole in a neutron is induced by two protons, implying a larger elec- 
Electric Charges in the Neutron
static energy If the neutron had no charge, its electro would be zero and it should be lighter than the proton. This is wrong: the neutron is heavier than the proton [2] by 1.29 MeV . The mass of the electron is 0.51 MeV . The ergy of the electron, the proto electron antineutrino is the Q-value, difference between the masses before and after the free neutron kinetic en n and the  decay:
Gamow [3] suggested the electro w e. es es a neutron, the positive electric n-proton model here the neutron contains two opposite elementary electric point charges e  and e  and the proton only one positive point charg The pr ence of electric charges in the neutron is known since the discovery of its magnetic moment [4] .
Electric Dipoles
When a proton approach charge of the neutron is repulsed by the proton while the negative charge is attracted, creating a dipole. This dipole is not permanent, it disappears when the proton goes far away from the neutron.
Let us see first the potential energy of a permanent dipole (only three collinear charges are considered here, e  for the proton, e  and e  for the neutron):
is the distance between the proton and the dipole np r center. 2a is the separation distance between the induced c ges. The approximate dipole formula, at the right, is valid only when np a r  , in a quasi-uniform electric field. It will not be u re, where the separation distance between the neutron and the proton is comparable to the separation distance between the electric charges of the neutron. When the proton is bound to the neutron, the proton induced electric dipole, combined with the proton electric charge, becomes the quadrupole moment of the deuteron, Q = 0.288 fm 2 = (0.54 fm) 2 meaning that the distance between the electric charges comparable to the nucleon size. The neutron dipole is not permanent: it is induced by the proton providing the energy needed to create the dipole. Therefore, the energy provided by the proton when it approaches the neutron has to be added to the self-energy of the dipole. Both energies being given by the same formula, the total interaction energy of the neutron and the proton is twice that of a permanent dipole: 
An almost equivalent assumption is to assume that the ne g sp igated by Faraday who called it utron behaves like an isolated neutral conductor and that the proton is a point charge near to the neutron:
"When you bring a positive charge up to a conductin here, the positive charge attracts negative charges to the side closer to itself and leaves positive charges on the surface of the far side" [2] .
This phenomenon, invest "Electrification by Induction" [5] , should also happen in the "not so neutral neutron" [6] even if its conductivity and charges are unknown. We have partial induction but we may consider it, in a first approximation, as a total induction. The charges induced by e  (the proton) will thus be the same elementary char e  and e ges  as above.
Formula (10) may be written differently (conversion formulas between (10) and (11) are given in the appendix): 
where  is the fine structure constant, p m the proton mass, the light velocity and c P R the p n Compton radius. similar expression exis or the magnetic Coulomb's potential as we shall see below.
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The Electromagnetic Potential Energy in a
The static interaction energy potential 
where is the separation distance between the on  ij ij r a  charge electric s (always equal to e in absolute value in this paper) and ij r the separation vector between the nucleons magneti moments. We have = 2  if the interaction is between a neutron and a prot because of the induced dipole, needing twice the energy of a permanent dipole; otherwise it is 1 between protons or 0 between neutrons. This general Formula (15) shows that the electric Coulomb potential is attractive or repulsive depending on the sign of the product of the interacting electric charges. The magnetic potential energy is attractive or repulsive depending on the relative orientation and position of the magnetic moments of the nucleons. Using the fundamental constants shown in the appendix, the general potential energy Formula (15) may be converted into: 
for the magnetic potential where the g's are the Landé  factors. ij S , positive for a magnetic repulsion and negative fo magnetic attraction, is the tensor operator [9] 
Deuteron Electromagnetic Energy Potential
The deuteron has one proton (one positive charge) and one neutron (two equal and opposite charges) (Figure 2 ) with three electric interactions and one magnetic interaction between the proton and the neutron. The proton interacts with the induced e  and e  charges of the neutron dipole. As seen abov the ene y of the neutron electric dipole has to be added because it is not preexistent, thus multiplying by 2 the proton-neutron electrostatic interaction. Indeed the exact formula of the dipole potential is the same as for the interaction between a point charge and two opposite charges. The tensor operator is, for collinear and opposite magnetic moments, according to Formula (18):
Formula (19) becomes:
Numerically, in MeV, where the on-pr seneutr paration distance vector np r and the electric dipole moment separation distance (Figures 1 and 2) , are in fm : ergy for one bond, it has to be divided by two to obtain the binding energy per nucleon of the deuteron.
The helium 4 He (Figure 3 ) has one nn, one pp and 4 np bonds. Th bond electrostatic energy may be neglected because there is probably no electric interaction between the neutrons. The magnetic moments of the e nn protons being collinear and opposite along the same edge, there is electric and magnetic repulsion between the protons. Because there are two protons inducing each neutron, the electrostatic potential is multiplied by 2 with respect to that of the deuteron, doubbling the electrostatic attraction. Therefore, the coefficient of p R of the electrostatic terms of the neutron-proton interaction is 4 (instead of 2 for the deuteron where there is induction by only one proton on one neutron). The coefficient 1 4 is due to the single proton-proton bond for 4 neutron-ton bonds. The electric potential per nucleon between a neutron and a proton plus between protons (between neutrons it should be 0) is, from Equation (16) 
We have also to take into account th nation betw  with respect to their np r bond, their cosines are 1/2. The projections on np r ar opposite and make an angle of 120º with np r . The ore, Formula (18) becomes:
